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Executive Overview 


y-Butyrolactone is a water-soluble oily liquid, with a boiling point of206” C. It has a vapor pressure of 0.344 hPa 


at 20” C and a log Koiw of -0.64. It is used as a chemical intermediate. as a solvent for polymers, in some paint 


removers, and in some printing inks. 


y-Butyrolactone was found to be readily biodegradable and has an estimated indirect photolysis half-life in the 


atmosphere of 5.5 days. It is labile to hydrolysis by water, especially at high pH levels, giving y-Hydroxybutyrate 


as ;I product, In water at low pH. it can exist as an equilibrium mixture of y-Butyrolactone and y-Hydroxybutyrate. 


y-Butyrolactone has a low order of toxicity for fish, daphnids and green algae, and its hydrolysis product is 


predicted to have even lower toxicity. 


y-Butyrolactone is readily absorbed by the oral or inhalation routes and can penetrate the skin. It is rapidly 


converted to y-Hydroxybutyrate in the body and excreted quickly, primarily as carbon dioxide, which shows that 


it undergoes extensive metabolism. Due to its rapid metabolic conversion to y-Hydroxybutyrate, which has an 


effect on the central nervous system, y-Butyrolactone has a weak narcotic effect. It displays low acute-oral 


toxicity with an oral LD5” for rats in the range of 1500 to 2000 mg/kg-bw. Adverse effects are limited to clinical 


signs of weakness. unconsciousness, and increased depth of respiration. Other than narcotic action on the CNS, no 


target organs have been identified. In rats, inhalation of a saturated atmosphere (8 hours at 20°C) did not cause 


any advcrsc effects and indicates a low acute-toxic effect of y-Butyrolactone by inhalation. This observation has 


been contirmed and extended by mixed vapor/aerosol studies. 


Repeated exposure causes no specific effects other than sedation, which animals develop a tolerance to within a 


few weeks. In a l3-week oral gavage study in rats, the NOAEL was 225 mg/kg for males (based on body weight 


gain) and 450 mg/kg for females (based on one death in the 900mgikg group). No specific target organs were 


identified. In the companion study in mice. except for minor sedation during the first few weeks of study, the 


NOALL was 525 mg/kg for males (based on body weights and mortality), and 525 mg/kg for females (based on 


one death in the I050mg/kg group). No specific target organs were identified. 


Two-year carcinogenicity studies were essentially negative and the NAOEL for male or female rats was 225 


mgikg-day. In mice, the NOAEL for males was 262 mgikg (survival) and the NOAEL for females was < 262 


mg/kg (body weight gain). No specific target organs were identified. 


Extensive genotoxicity testing has yielded primarily negative results but high concentrations, in the presence of an 


exogenous metabolizing system caused a positive response in the in vitro sister chromatid exchange and 


chromosome aberration assays. Zn viva studies were negative. 
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Fetal weight was significant increased in pregnant female rats treated by gavage on days 6 to 15 of pregnancy. No 

differences from unexposed animals in the corpora lutea, total implantations, ratio of dead to live fetuses, 

resorptions, and pre- and post-implantatioil losses were noted at doses up to 1000 mg/kg. In addition, there were 

no visceral or skeletal malformations due to y-Butyrolactone exposure. One-time intraperitoneal dosing during 

proestrus Interfered with FSH and LH production and inhibited ovulation in Sprague-Dawley rats. The relevance 

OFthis finding to fertility is unknown. 

The critical cl-feet for y-Butyrolactone appears to be a weak narcotic effect on the CNS. which is an effect also 

know to occur in humans due to the rapid metabolism of y-Butyrolactone to the neurologically active y-

1lydroxybutyrate. 

It is concluded that the available information adequately fills all the data elements of the HPV. Although the 

availnblc studies do not meet all the requirements of the current OECD guidelines in all cases, conduct of 

additional similar studies would not add significantly to our understanding of this material’s hazard. 
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Testing Plan and Rationale 
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Testing Plan in Tabular Format 

CAS Number 96-48-O 

y-Butyrolactone 

HPV Endpoint 
/ 1 1 

‘hysical Chemical 

r/lelting Point Y N N N N Y N 

3oiling Point Y N N Y N Y N 

/apor Pressure Y N N Y N Y N 

‘artition Coefficient Y N N Y N Y N 

Water Solubility Y N N Y N Y N 

fnvironmental & Fate 

‘hoto-Degradation 

Vater Stability IY N N Y N-- , 

[ransport Y N N’N YIY N 

3iodegradation Y N ?~Y N Y No 

kotoxicity 

I8-Hour Invertebrate iy-Y .I- N ~ y / N ~ Y 1 N 1 

)6-Hour Algae 

roxicity 

;enetic 

Acute YsN NAY N Y Nl 

?epeated Dose Y,N Y~Y N Y Ni 

;enetic Toxicology in vitro YEN Y~Y -A--~ NAY ~~ 

IN YIY ~ NAY NoToxicology in viva y I-

I 
qeproductive YIN N~Yy NIY No 

Ieveloomental YlNlN~NlN~YlN’ 
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Introduction 

y-Butyrolactone, CAS no. 96-48-0, is a cyclic ester (lactone) most commonly prepared from 1,4-Butanediol by a 

Rcppe process. The reaction is carried out in the gas phase between 180 and 240” C, over a copper catalyst and 

provides approximately 95% yield. The y-Butyrolactone is separated from impurities (1,4-Butanediol, Butyric 

acid and hi$l-boiling oligomers) by distillation giving a commercial product of about 99.7% purity. y-

Butyrolactone is also commercially prepared by the hydrogenation of Maleic anhydride using a nickel catalyst 

(1). It can also by synthesized from acetylene and formaldehyde under high pressure (2). 

y-Butyrolactone is a clear-oily liquid (3) with a pleasant odor (2). It has low volatility and is miscible with water 

and most organic solvents (3). 

This material has numerous industrial applications due to its chemical structure and solvent properties. The bulk 

of y-Butyrolactone production is used as an intermediate in the synthesis of N-Methylpyrrolidone (NMP) and 2-

Pyrrolidone. It is also used to manufacture herbicides, growth regulators, vitamin B 1, and the rubber additive 

thiodibutyric acid. 

Several diverse solvent applications have been reported including as a solvent for polymers, in hairwave 

compositions and sun lotions, as a cosolvent for capacitor electrolytes and as a cosolvent for electronic 

photoresists. It is also used in printing inks, (for example ink-jet printer inks), as an extracting solvent in the 

petroleum industry. y-Butyrolactone has also found application as a nematocide (1). 

I 0 0 

The structure of y-Butyrolactone is shown above. This material is also known as: 

II Dihydro-2(3H)-furanone 

;J Dihydro-2-furanone 

0 Butyrolactone, 

_I 4-Rutyrolactone 

II 4-l lydroxybutyric acid cyclic ester 

u 4-IHydroxybutanoic acid lactone 

ZI Tetrahydro-2-furanone 
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-I I .2-Butanolide 


ZI I .4-Butanolide 


3 4-Deoxytetronic acid 


Exposure in industrial applications is limited by process controls, protective equipment, low vapor pressure and 

by warning properties due to its odor. No occupational exposure level set by any governmental agency was 

located. Lsc as a co-solvent in digital inks may result in a very low-level of inhalation exposure by consumers 

limited hy the very low quantities of ink used by consumer digital printing devices. 

Scvcral physicochemical, fate and toxicity studies have been conducted with y-Butyrolactone. These studies are 

briclly rcvicwed in this testing rationale document, which also describes how these studies meet the STDS 

(Screening Information Data Set) end-points of the United States Environmental Protection Agency (USEPA) 

High Production Volume Challenge (HPV) program. Robust summaries have been prepared for key studies; 

supporting studies are referenced in these summaries or given as shorter summaries using the IUCLID format. 

The available data set satisfactorily fulfills the data requirements for the EPA HPV Program. The majority of data 

elements are filled by high-reliability studies on y-Butyrolactone, where direct data are not available or data are 

sparse. surrogates and acceptable estimation methods are used to fill or supplement the data element, as 

encouraged by the U.S. EPA and other regulatory authorities to avoid unnecessary testing cost and animal usage. 

Physicochemical Data 

Physicochemical data for y-Butyrolactone are available from the literature and manufacturer’s information. 

Melting Point -43.5” c (4) I 

Boiling Point 204” C @ 1013 hPa (5) 

~~ 

Soluble in all proportions (5) 

Table 1: Pbysicochemical data for y-Butyrolactone 

These properties indicate that y-Butyrolactone is a slightly volatile liquid with high water solubility. The value of 

the partition coefficient suggests that y-Butyrolactone will partition preferentially into water and, therefore? has 

little potential for bioaccumulation. The determination of an accurate and representative Koiw of y-Butyrolactone 

is complicated by the fact that, in aqueous solution, y-Butyrolactone can be an equilibrium mixture of y-

13utyrolactone, y-hydroxybutyric acid, and y-hydroxybutyrate. The equilibrium is pH and temperature dependent 

with sub-depelidencies of alkalinity and dilution (see water stability discussion). The above value is supported by 
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a value of --0.566 from BASF (8) and is considered representative of the conditions that would be encountered in 

the environment as it was derived by a “shake-flask” method. 

Recommendation: No additional physicochemical studies are recommended. The available data fill the HPV 

required data elements. 

Environmental Fate and Pathways 

Biodegradation potential has been determined using the MIT1 test and a BOD test. In the MIT1 test, a degradation 


of (,O-92% was reported in 14 days (9), indicating that this material is considered readily biodegradable. In the 


BOD test with non-acclimated sludge, a removal of >95 ‘% was recorded after 8 days (IO). This ready 


biodegradation is anticipated based on the struchne and its hydrolysis product y-hydroxybutyrate, which is 


quickly metabolized to carbon dioxide in mammals. The biochemical pathways are well known and the structure 


is linear. 


Photodegradation was estimated using version 1.90 of the Atmospheric Oxidation Program for Microsoft 


Windows (AOPWIN) that estimates the rate constant for the atmospheric, gas-phase reaction between 


photochemically produced hydroxyl radicals and organic chemicals. The estimated rate constant is used to 


calculate atmospheric half-lives for organic compounds based upon average atmospheric concentrations of 


hydroxyl radical. The program produced an estimated rate constant of 2.3 1 E-12 cm3/molecule-sec. Using the 


defaul( atmospheric hydroxyl radical concentration in APOWIN and the estimated rate constant for reaction of y-


Butyrolactone with hydroxyl radical, the estimated half-life of y-Butyrolactone vapor in air is approximately 56 


hours (see accompanying robust summary) (11). 


Water stability has been thoroughly investigated for this material. In Ullmnnn’s Encyclopedin c$‘Indzntrinl 


C’he177i.~/~~1~ it is stated that, in water y-Butyrolactone is an equilibrium mixture of the lactone (closed ring) and 


hydroxybutyric acid. The equilibrium is pH and temperature dependent. At neutral pH and 0” C, the equilibrium 


lies 100% on the lactone side; at 100” C, the equilibrium mixture is 80% lactone. In the presence of base, the 


equilibrium shifts to the acid form, and the equilibrium mixture is 1OO”/ acid form in the presence of 1 equivalent 


of base. These observations have been quantitatively refined in a recent study published it the Journal q“Fwensic 


,VC.~~J~CCJ in which the equilibrium was investigated in pure water and in buffered water at several pH values (12). 


The results show that y-Butyrolactone is relatively stable in pure unbuffered water. A 0.5% solution takes about 


I20 days to reach a stable pH of approximately 3.3 and equilibrium of 67% lactone to 33% acid form. This 


mixture was stable for at least 100 days after reaching steady state. In neutral buffered solutions, the hydrolysis is 


more rapid 15-30 day half-life and proceeds to completion (97% measured after 202 days). Additional studies 


showed that at higher pH values the hydrolysis is faster and at pH 12 , it proceeds to completion in about 10 


minutes. At more acidic pH levels, it is slower and a 0.5% solution at pH 2 reaches an equilibrium of about 2: 1 


lactone to acid form. In addition, if the initial 0.5% solution at pH 2 starts in 100% of the acid form, it still reaches 


the same equilibrium ratio in about the same time frame. Studies were not conducted to determine the effect of 
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concentration on hydrolysis. but it can be predicted from the hydrolysis equation that dilution will increase the 

proportion of acid form by dilution of the hydrogen ion concentration. It is concluded that the water stability is 

well characterized. 

Base 
d 

* -HO f--J 0 :O+o-
HO 

Figure 1: Hydrolysis of y-Butyrolactone 

Theoretical Distribution (Fugacity) of y-Butyrolactone in the environment was estimatedusing the MacKay EQC 

level Ill model with standard defaults in EPIWIN v 3.05 but using the measuredvapor pressureof 0.259 mm Hg, 

the measuredlog Kolw, and data-adjusted estimatesfor half-life in water, soil and sediment. (13). The results for 

distrihurion using a model calculated Koic (adsorption coefficient basedon organic carbon content) of 0.0939 and 

equal initial distribution to air, water and soil are: 

o Ait 3.2 %, 

0 Water 34.3 %I 

0 Soil 62.4 ‘!‘A 

o Sediment 0.02 ‘I/0 

Table 2: Theoretical Distribution (Fugacity) of y-Butyrolactone in the environment 

Recommendation: No additional fate and pathway studiesare recommended.The available data fill the HPV 

required data elements. 
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Ecotaxicity 

An unpublished study of the acute toxicity of y-Butyrolactone to the freshwater fish Lcwcisczn i&s showing a 48-

hour LC,,, of275 to 302 mg/L (14) indicates that this material presents little acute hazard to freshwater fish. A 

daphnia study indicates an EC& greater than 500 mg/L (15). Green algae tests indicate an I& of 79 mg/L (16). 

These values, with references, are shown in the table along with results of ECOSAR modeling using the “Esters” 

model. based on the measured K,,;, of -0.64. The measured data appear to fit the ECOSAR “Esters” model well. 

Aquatic Toxicity of y-Butyrolactone 

Reported Values ECOSAR Prediction 

Fish. 48 hour LCsO 275-302 mg/L (14) 334 mg/L* 

Daphma, 48 hour ECso > 500 mg/L (15) I7300 mg/L* 

Algae, 96 hour E& 79 mg/L ( 16) 24 mg/L* 

* Estimated using ECOSAR with lneasured K,,,\, (17) 

Table 3: Aquatic Toxicity of y-Butyrolactone. 

Two issues are potential confounders in these aquatic studies, The first is volatility; however, based on the vapor 

pressure and water solubility (Henry’s Law Constant) of the test material, this is not considered to be a concern in 

these short-term studies. 

A more important consideration for y-Butyrolactone is the water stability of the test material. Data show that this 

material converts to y-Hydroxybutyrate in neutral and basic solution. The kinetics of this hydrolysis are well 

established(I 2) and at pH 7 it is known there is only about a 15% hydrolysis in 3 days. Basedon the known pH 

dependency, it can be extrapolated that the 4%hour lossin the pH 7-8 range for the fish and daphnid studieswas 

lessthan about 20%. The impact of this conversion to y-Hydroxybutyrate can be evaluated by comparing the 

aquatic toxicity of y-Butyrolactone with that of y-Hydroxybutyrate. No measuredaquatic toxicity values could be 

located for y-Hydroxybutyrate; however, its toxicity was estimatedwith the ECOSAR modeling program. The 

estimated tish 96-hour LC5,,is 13,900 mg/L and the estimatedDaphnia ECsois 12,600mg/L (18). Thus, the 

impact of the hydrolysis product y-Hydroxybutyrate on the aquatic toxicity results for fish and daphnids is 

considered minor. 

For the longer-term algae studies, however, where the pH of inoculated flasks containing the lower concentrations 

of test material exceeded 10.0 at the 96-hour interval, the lossof test material may be in excessof 50%. In this 

case.the solution by the end of the algae studiescould have contained 50”/; or more of the test material asy-

Hydroxybutyrate. No measuredalgal inhibition values could be located for y-Hydroxybutyrate to determine its 

potential impact on the result; however, its algal toxicity was estimatedwith the ECOSAR modeling program. 

The estimated 96hour I& for green algae is 68,800 mg/L. The impact, therefore, would be to reduce the 

apparent inhibition of the test material. This happensto be in agreementwith the observed I& of 79 mg/L as 

compared to the model-calculated, or “expected”, value of 24 mg/L. The value of 24 mg/L is consideredmore 
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representative of the 96-horn green algae IC& for y-Butyrolactone. On the other hand, since the realistic situation 

is that hydrolysis will be occurring and as no “flow through” system is available for algae studies and as the 

hydrolysis kinetics of y-Butyrolactone are well understood; the value is know with sufficient accuracy for the 

purposes ol‘the HPV assessment. 

Recommendation: No additional ecotoxicity studies are recommended. The available data fill the HPV required 

data elements. The data are also consistent with the ECOSAR model and with available hydrolysis data. 

Health Effects 

Several studies have been conducted to estimate the potential health effects of y-Butyrolactone to man. These 

span from acute studies (by all potential routes of absorption) to lifetime studies in rats and mice. In addition 

several studies have careftllly examined the reproductive organs after various exposure durations and found no 

effects. Developmental toxicity using the recommended maximum dosage for experimental animals has been 

conducted. Since y-Butyrolactone was part of an inter-laboratory collaborative program to improve genotoxicity 

testing. it has a wealth of high-quality genotoxicity studies available. ADME studies are also available defining 

its toxicokinetic characteristics. Few systemic adverse effects have been associated with the administration of y-

Butyrolactone to experimental animals. The most important effect involves its rapid metabolism to y-

Hydroxybutyrate, which is active in the CNS producing sedation and other higher-level effects on dopaminergic 

and GABAnergic neural pathways. This section summarizes the available data and assesses potential health 

effects iiom exposure to y-Butyrolactone. 

Metabolism 

Adsorption, distribution, metabolism and excretion are important components in developing an understanding of 


the potential health effects of a material and of extrapolating data between studies, between routes of 


administration and between compounds. In the case of y-Butyrolactone a considerable amount of information has 


been generated. 


Absorption by the oral route has been determined to be both rapid and complete with a peak plasma concentration 


after dosing proportional to the dose. The completeness of absorption by the oral route is supported by the 


observation that after oral administration, if total plasma concentration of the compound and its principal 


metabolite. y-Hydroxybutyrate, is plotted against time, the area under the curve is nearly identical to that 


I‘ollowing intravenous administration of y-Butyrolactone (19, 20). Dermal dosing has been estimated to result in 


about ten percent absorption of y-Butyrolactone (2 1). 


Butyrolactone is metabolized rapidly with elimination primarily via respiratory CO, and urinary metabolites. Roth 


and Giarman reported that after a single intravenous dose of “C labeled y-Butyrolactone to rats, traces of “CO2 


were detectable in respiratory air after only 4 minutes, and reached a maximum in 15 minutes. Sixty percent of the 
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total radioactivity was eliminated as carbon dioxide in less than 2.5 hours (22, 23). The plasma half-life of 

intravenously administered y-Butyrolactone is less than one minute in rats. It has been reported that y-

Butyrolactone is converted to y-Hydroxybutyrate by a “lactonase” enzyme present mainly in the plasma and liver; 

enzymatic activity was not detected in other tissues including brain, kidney, heart, skeletal muscle, and intestine. 

A y-lactonase catalyzing the formation and hydrolysis of four- to eight-carbon lactones has been purified from 

human blood and has similar kinetic properties to that isolated from rat liver microsomes (24). 

HO 
lactonase \ No* CH,- CH, CH,- C, _ 

0 
gamma-Hydroxybutyrate 

1 ADH? 

“\\ //O 
,c - CH,CH,- C, _ 

0-
succinate 

4 o’C,-,,+-,CHo 
2 2 

‘0-
succinic semialdehyde 

II __::::_ 

“\\ Ho 
,c - CH, CH,- C 

0- ‘S- CoA 
fumarate succinyl CoA 

Figure 2: Proposed Metabolic Pathway of y-Butyrolactone 

The pathway from y-hydroxybutyrate to carbon dioxide is controversial (25) with early work suggestingthat the 

tricnrboxylic-acid cycle wasprimarily involved via succinate(26). Later investigators obtained substantial 

labeling ot’succinate and its amino acid metabolites in the brain of rats after intraventricular administration of [l

‘JC]-labeled y-Hydroxybutyrate (27). In addition, demonstration that the labeling pattern in the mousebrain after 

an intravenous injection of [ 1-14C]-labeledy-Hydroxybutyrate can be explained by oxidation via succinate, but not 

by R-oxidation, eliminates beta-oxidation as a probable pathway (28). Data showing that y-Hydroxybutyric acid 

is metabolized to y-aminobutyric acid in incubated brain slicesand that specific inhibitors of y-aminobutyrate-2-

oxoglutarate transaminaseblocked the production of labeled y-aminobutyric acid from labeledy-Hydroxybutyric 

acid and 01‘ labeled 2-oxoglutarate from labeled glutamate, suggestedthat the catabolism of y-Hydroxybutyric 

acid to y-aminobutyric acid OCCUI-s via a transamination mechanismand not through the Krebs cycle (29). In spite 

of the transaminasepathway possibly having importance in the neurologic effects of y-Butyrolactone, the rapidity 

of excretion and low degreeof toxicity argue that a more generalized mechanism(such asintermediary 
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metabolism and/or Krebs cycle) is prevalent. More recent work by Gibson and Nyhan (30) has shown that 

homogenates of liver and kidney mitochondria, but not heart, readily converted [U-‘“Cl-y-Butyrolactone to 14C 

organic acids via a pathway of conversion to 14C-succinic acid, followed by further metabolism through the 

tricarboxylic acid cycle. Furthermore, this conversion was facilitated by exogenous NAD’and NADP’. No 

evidence for the beta-oxidation of y-Butyrolactone was obtained in any of the mitochondrial sonicates. Studies 

with exogenous non-labeled succinic semialdehyde indicated that this compound is an intermediate in the 

conversion ofy-Butyrolactone to succinic acid. Further evidence that succinate is involved in the metabolism of 

y-Butyrolactone comes from the finding that patients with the rare genetic defect leading to succinic semialdehyde 

dehydrogenase deficiency (SSADH). accumulate 4-hydroxybutyric acid in physiologic fluids (3 1). Based on these 

tindings and considerations, the figure above presents the proposed primal7 initial metabolic pathways for y-

Butyrolactone. After conversion to succinate and fumarate, it enters intermediary metabolism where it is driven 

to ca~$on dioxide by dose-dependent mass balance. This rapid conversion into labile components of intermediary 

metabolism and the Krebs cycle is considered to account for its low systemic toxicity. 

This proposed pathway is in accord with the known low systemic toxicity of succinic acid and offers a logical 

explanation for the low degree of y-Butyrolactone toxicity to mammals. This metabolic understanding adds to our 

conftdence in hazard and risk assessment for y-Butyrolactone. 

Acute Toxicity 

Oral Exposure 

Multiple determinations of the oral LDSo of y-Butyrolactone have been reported in the rat, mouse, rabbit, cat and 

guinea pig (32); the studies universally indicate a low order of acute oral toxicity for this material. Two robust 

summaries have been prepared from representative studies in rats. One that used seven dose groups, provides an 

oral LD?,, in the rat of 1920 mgikg (33). A supporting study has also been summarized that found an oral rat LDsO 

of 1580 mg/kg (34). An overview of the studies indicates that a consistent narcotic or sedative effect at dose 

levels of approximately 500 mg/kg and above has been reported. Depending on the dose and the species, narcosis 

lasts from a few minutes to several hours but surviving animals show no other adverse effects or specific target 

organ effects. 

Inhalation Exposure 

It has been reported that there were no deaths when rats were exposed to saturated vapor of y-Butyrolactone for 8 

hours (34). The actual concentration was not measured but based on the vapor pressure at the vapor concentration 

is calculated to be in the range of 300 ppm. Other investigations have reported LCsO values of > 2680 mg/m3 (35) 

and > 5 IO0 mg/d (36); clinical signs were exophthahnus, difficulty breathing, hypoactivity and temporary 

reduction in food intake but no adverse effects were found at necropsy. 
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Dermal Exposure 

One study in guinea pigs was found in the literature that indicated the dermal LDTo of y-Butyrolactone is 5640 

mg/kg (37). 

Recommendation: No additional acute toxicity stndies are recommended. The available data fill the HPV 

required endpoints for acute toxicity. Although the available studies do not meet all the requirements of the 

current OECD guidelines in all cases, the weight of evidence shows that the oral and inhalation toxicity is very 

low. Likewise, the limited study of dermal toxicity provides support for low hazard by this route. Conduct of 

additional studies would not add significantly to our understanding of this material’s toxicity and it is 

recommended that no additional acute toxicity studies be conducted. 

Repeat Dose Toxicity 

Oral Exposure 

Detinitivc oral subchronic gavage studies have been conducted in both rats and mice by the U.S. National 

Toxicology Program (25). In the rat studies, groups of 10 rats of each sex received test material by gavage at 

doses of 0. 56, 112, 225,450, or 900 mgikg of body weight, 5 days a week for 13 weeks. All high-dose males and 

one high-dose female died. Males receiving 450 mg/kg gained less body weight. There was no body-weight 

effect in females at any dose level. Other than inflammation of the nasal mucosa in all groups of dosed rats, there 

were no specific organ effects. The nasal mucosa irritation was considered to be a non-specific effect of gavage 

with a volatile agent. Rats at the higher dose levels (225 mg/kg and above) showed signs of sedation after dosing 

during the first 2-3 weeks of study that diminished in intensity with continued dosing, and dosed rats showed no 

visible signs of sedation after three weeks of dosing. The NOAEL was 225 mgikg for males (based on body 

weights). and 450 mgikg for females (based on one death in the 900-mg/kg group). No specific target organs 

were identi lied. 

In the mouse studies, groups of 10 mice of each sex received test material by corn-oil gavage at doses of 0, 65, 

I3 1, 262. 525, or 1,050 mg/kg five days a week for 13 weeks. Groups of IO mice received test material by corn-

oil savage at doses of 0, 65. I3 1,262, 525, or 1,050 mglkg five days a week for 13 weeks. 

In addition to these subchronic exposures. 2-year shldies have also been conducted by oral gavage. In the rat 

studies, groups of 50 rats of each sex were administered y-Butyrolactone in corn oil by gavage five days a week 

thr up to I03 weeks. Male rats received 0. 112, or 225 mgikg, female received 0, 225, or 450 mg/kg of body 

weight. In male rats there was no body weight change associated with administration of 112 or 225 mg/kg-day 

test material. Likewise, there was no apparent adverse effect of the test substance on survival as there was a 

marginal increase in survival of high-dose males. This was attributed to a marginal decrease in mononuclear cell 
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leukemia in the high-dose males. There were no nonneoplastic toxic lesions or increased incidences in neoplasms 

in dosed male rats that were attributed to the administration of y-Butyrolactone. 

In the 2-year mouse studies, groups of 50 mice of each sex were administered y-Butyrolactone in corn oil by 

gavage 5 days a week for up to 103 weeks. Both male and female mice received 0, 262, or 525 mgikg of body 

weight. Mean body weight and survival of high-dose male mice were significantly lower than in controls. High-

dose mice were partially sedated or lethargic and inactive shortly after dosing; this seemed to contribute to an 

increase in fighting related trauma in dosed males, resulting in lower body weights and excess mortality. After the 

male mice were individually housed (week 67), the difference between mean body weights of dosed and control 

groups decreased. Body weights of low- and high-dose female mice were lower than that of the controls 

throughout much of the study, but there was no improvement following the change to individual housing. 

Survival of dosed female mice was similar to controls. 

Administration of test substance to mice for 2 years was associated with a statistically significant increased 

incidence of focal hyperplasia of the adrenal medulla in low-dose males but not high-dose males. There were no 

nonneoplastic degenerative lesions associated with the administration of y-Butyrolactone to male or female mice. 

Recommendation: No additional repeated-dose studies are recommended. The available studies conducted by the 

NTP Statement if Work Guideline under GLP adequately fills the HPV required data element for repeated-dose 

toxicity. 

Genetic Toxicity 

The SIDSIHPV requirement for genetic toxicity screening is for two end-points, one sensitive to point mutation 

and one sensitive to chromosomal aberrations. In the case of this material, adequate tests have been conducted 

that cover both of these endpoints. 

Genetic Toxicology in vitro 

Several adequate i/7 vitro tests of genetic toxicity for y-Butyrolactone are available. A Salmonella typhimurium 

reverse mutation assay conducted by the NTP is representative and has been prepared as a robust summary (see 

attached robust summaries)(38). There are several supporting studies that have been published in the literature 

(39. 40, 41. 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55). Similarly, there are supporting reverse mutation 

tests in E. c~)/i that show either clear negative results or results that cannot be interpreted (56, 57, 58, 47). Other 

various DNA damage tests using E. coli also support lack of genotoxic activity in bacterial systems (59, 60, 6 1, 

62, 63). A chromosome aberration study in CHO cells, conducted for the National Toxicology Program (and 

prepared as a robust summary for this HPV document) gave a reproducible positive result in the presence of high 

concentration of test material and metabolic activation but not in the absence of the metabolic activation system 

(25). In a similar study investigating the induction of sister chromatid exchanges by y-Butyrolactone, it was found 

that high concentrations (above 2,500 mcg/mL) of y-Butyrolactone induced a significant increase of SCE’s in 

Page 16 of 24 



y-Butyrolactone HPV Submission 

Chinese hamster ovary cells in the presence but not the absence of metabolic activation. In this report (64), both 

endpoints (the Loveday publication also covers the CHO chromosome aberration study) were significantly increased 

only in the presence of induced S9 and the authors speculated that the addition of S9 enzymes coupled with lo-fold 

higher concentration of y-Butyrolactone allowed detection of cytogenetic effects which were not observed in the 

earlier negative study with a rat liver cell line (65). 

Tests in yeast for mitotic gene conversion and aneuploidy induction were also negative (66). Negative results 

were obtained with y-Butyrolactone in tests for chromosome aberration induction using a rat liver epithelial cell line 

without supplemental S9 (67) and in tests for unscheduled DNA repair in HeLa cells with and without S9 (68). y-

Butyrolactone was also negative for induction of gene mutations in Chinese hamster V79 cells (69) and human 

tibroblasts (70) with and without S9. 

Genetic Toxicology in vivo 

Mammalian genotoxicity was assessed in vivo using the Mouse Micronucleus Test as reported by multiple 

investigators, One representative test result had been included in the robust summaries (71) and the others are 

supporting (72, 73, 74). In this study, two i.p. doses of y-Butyrolactone given at 80% of the LDso with intervals 

between dosing and sacrifice of 24,48, 72 or 96 hours, failed to produce an increase in polychromatic 

erythrocytes containing micronuclei. It was concluded that the test material did not show genotoxic activity in this 

system (7 I ). Additional negative in viva studies have been reported in Drosophila melnnogcrster (75). 

Recommendation: The SIDS requirement for genetic testing has been met as assays sensitive to both point 

mutation and to clastogenic effects have been conducted using acceptable protocols. No additional testing is 

recommended. 

Reproductive Toxicity 

Reproductive effects have been adequately assessed through the combination of the negative developmental 

toxicity study (82) and the subchronic (and chronic) studies in which reproductive organs were evaluated and 

found to be unaffected by treatment with y-Butyrolactone (25). Conduct of additional studies would not add 

significantly to our understanding of this material’s reproductive toxicity. 

Potentially relevant to reproductive toxicity, one published study described the inhibition of ovulation in rats by y-

Butyrolactone (76). In this shady, the investigators examined the effect of y-Hydroxybutyrate when administered 

in proestrous on ovulation in rats. They had postulated that y-Hydroxybutyrate, which had been reported to 

produce a significant increase in dopamine without affecting other brain neurotransmitters, might result in 

reduction in the production of FSH and/or LH by the pituitary. This reduction in FSH and LH surge has the 

potential to interfere with ovulation in the rat. Their results showed that after a single i.p. injection of y-

Butyrolactone in proestrus, serum LH and especially FSH levels were reduced, in a dose-dependent manner, from 

one to four hours after the in.jection. In addition, the number of rats ovulating was reduced in a dose dependent 
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manner. The EDSo for antiovulatory activity in the Sprague-Dawley rat was determined to be approximately 250 

mgkg, which was below the anesthetic dose. This finding is biologically plausible as it is known that ovulation is 

under control of a neuroendocrine cascade that involves receptors in the hypothalamus that are sensitive to 

dopamine or GABA and that cause the release of GnRH into the pituitary with subsequent release of LH and 

FSH. which are required for ovulation. 

The relevance of this finding in rats for humans is unknown. Some considerations are that humans have a 

menstrual cycle rather than an estrous cycle; however, the same neuroendocrinal substances are involved (77). 

Another factor is that rats quickly develop a tolerance to the sedative action of y-Hydroxybutyrate (78) and it has 

been proposed that this is associated with a down-regulation of the y-Hydroxybutyrate receptors (79). If it is also 

the case that the neuronal systems regulating GnRH are subject to the rapid development of tolerance, then 

repeated dosing of animals with y-Butyrolactone might not affect ovulation. It is also controversial if and under 

what conditions of administration y-Hydroxybutyrate elevates or lowers CNS dopamine levels (80, 8 I). These 

investigators have also presented evidence that the effect of y-Hydroxybutyrate on CNS dopamine levels can be 

reversed by varying the route of administration from i.p. to S.C. injection, implicating the route of administration 

as a critical variable. III conclusion, not enough is known about the mechanisms involved to make an informed 

decision concerning the potential of y-Butyrolactone to act as an ovulation inhibiter in humans. In addition, due 

to the signiticant differences in ovulatory cycles between humans and rodents, it is questionable if additional 

studies of reproductive toxicity in rodents that focus on antiovulatory effects will add any information of value to 

human hazard or risk assessment. 

Recommendation: No additional reproductive testing is recommended, as the available data are sufficient to 

assess the reproductive toxicity of this material according to the HPV guidelines. 

Developmental Toxicity 

A modern OECD 414 Guideline study has been conducted with y-Butyrolactone. The results of this investigation 

conducted in rabbits using inhalation at 0.5, 1.4 and 5.O mg/L for 6 ~IOLKS per day on days 9 to 17 of gestation did 

not produce either maternal or fetal toxicity. None of the reproductive, embryonic, or fetal parameters was 

nfl’ectcd by this treatment at the highest recommended inhalation dose. The high dose level also exceeded the 

saturation vapor concentration of y-Butyrolactone in air and was conducted as a mixed vapor-aerosol exposure. 

Both the developmental and maternal NOAEL was 5.0 mg/L (82). 

This result is supported by a study in which groups of 10 pregnant Sprague-Dawley-rats were given 0, 10, 50, 

125, 250. or 500 mgikg y-Butyrolactone by gavage on days six through 15 of gestation (83). Dams were observed 

for signs of intoxication, body weights were measured daily from days zero through 2 1 of gestation, and food and 

water consumption were monitored at 3-day intervals. Dams were killed on day 21, and the uteri were removed. 

Fetal data were recorded and fetuses were examined for malformations. Placental weights were significantly 
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reduced in treated animals at all doses. Mean fetal weights were significantly increased in the 50, 125, and 250-

mgikg groups. No other treatment related changes of significance were seen either in the dams or fehlses. The 

maximum dose was controlled by the solubility of the test substance in the vehicle and as there was no maternal 

toxicity produced, a higher dose-level might have been achieved with an alternate vehicle. This study indicates no 

developmental hazard up to 500~mg/kg body weight but does not define the maternal or developmental LOAEL. 

As this dose level is half of the OECD-recommended maximum of 1000 mg/kg in the current OECD 414 test and 

as no adverse effects were produced. this study supports low developmental hazard. 

Taken together, the two rat developmental toxicity studies indicate a low developmental toxicity hazard for y-

Butyrolactone by the inhalation or oral routes 

Recommendation: No additional developmental toxicity testing is required as the available data are sufficient to 

assess the developmental toxicity ofthis material. 

Conclusions 

With regard to the parameters specified in the EPA HPV Challenge program, it is concluded that the available 

information on 2-Pyrrolidone fllis all of the requirements for physicochemical parameters, fate information, 

aquatic toxicity and mammalian toxicity. Although the available studies do not meet all the requirements of the 

current OECD guidelines in all cases, taken together the information provided a reliable hazard assessment. 

Conduct of‘ additional studies would not add significantly to our understanding of this material’s toxicity. 
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